Objective. To assess quality and effectiveness of diabetes care in a sample of Colombian diabetes patients treated by the national social security health system (SGSSS).
morbidity (especially hypertension and dyslipidemia) as well as microvascular complications such as blindness, renal insufficiency, neuropathy, and lower limb amputation-conditions that affect a patient's quality of life (4) and place an economic burden on society (5) .
Quality of life can be improved and costs reduced through adequate control of glycemia and cardiovascular risk factors, as well as through education and programs targeting early recognition of complications by clinicians and patients (6) . It is estimated that with each 1% of reduction in glycosylated hemoglobin (HbA 1c ) microvascular complications are reduced by 30% (7) . Despite progress in treatment options, patients with type 2 diabetes continue to suffer from high rates of cardiovascular and microvascular complications, and a greater risk of premature death (4) .
Diabetes mellitus treatment includes both pharmacological and non-pharmacological therapies. Non-pharmacological measures include a customized nutrition plan; reduction of risk factors such as dyslipidemia, hypertension, and smoking; and the adoption of healthy behaviors such as physical activity (8) (9) (10) . Pharmacological treatments involve one or more classes of antidiabetics, such as biguanides, sulfonylurea, insulin, or thiazolidindiones (11) .
A previous study found that the drugs most often used among Colombian patients treated by the national social security health system (SGSSS) were, in descending order, metformin, glibenclamide, insulin, and rosiglitazone. Out of 7 308 patients, 48.0% received monotherapy, and the remaining 52.0% used a combination of glibenclamide and metformin, metformin and insulin, or glibenclamide and insulin. Underutilization of antithrombotics such as cardiovascular prophylactic drugs was also observed. In addition, 74.4% of patients with type 2 diabetes were found to suffer from hypertension, and 45.5% suffered from dyslipidemia (12) .
Quality-of-care criteria include the identification and management of risk factors, including high levels of blood pressure, HbA 1c , total/LDL (low-density lipoprotein) cholesterol, and urinary albumin, as well as symptoms, such as poor foot and retinal condition. Educating patients about smoking cessation as well as regular antithrombotic therapy and monitoring of glycemic levels are also critical for proper patient management (4, 13) .
Determining the quality and effectiveness of diabetic patient management helps policy-makers identify appropriate quality improvement measures. This study aimed to evaluate routine antidiabetic care delivered by the national health system in a sample of Colombian type 2 diabetes patients by determining the percentage of patients who received medical attention from the SGSSS diabetes control program (e.g., blood pressure and total cholesterol measurement, retinal and foot examination, urine albumin screening, and antiplatelet therapy) and had normal-range (controlled) levels of HbA 1c (≤7.0%). The study also explored various factors associated with diabetes mellitus control, including age, overweight/obesity status, medications for comorbidities, and antidiabetic monotherapy or polytherapy.
MATERIALS AND METHODS
The retrospective study was conducted in a population of 19 704 men and women more than 30 years old with type 2 diabetes who were members of the SGSSS (beneficiaries of the national social security health insurance program), on pharmacological therapy, and received care from the SGSSS diabetes control program at least twice during the 12-month period from 1 July 2006 to 30 June 2007, in nine Colombian cities: Bogotá, Barranquilla, Bucaramanga, Cali, Cartagena, Ibague, Manizales, Medellín, and Pereira. These cities were chosen for study because they are the most populous in the country and collectively provided information on 3.2 million SGSSS members.
Based on the formula described by Duffau (14) , the minimum sample size was defined as 406 patients, which yielded a weighted proportion of 27.0% of patients with controlled type 2 diabetes and a permissible error rate of 5% (15) . The statistics program SPSS version 15.0 for Windows (SPSS, Inc., Chicago, IL, USA) was used to select 406 subjects in a randomized manner from a database of the above-mentioned sample of 19 704 diabetic patients.
Two doctors were trained to gather data from the clinical histories of the patients. If the information for a patient was incomplete, the patient was replaced with another patient of the same gender and in the same age group. Survey variables included the following: (4, 9, 17) .
The protocol was submitted for scientific and bioethics review by both the bioethical committee of the Universidad Tecnológica de Pereira and the SGSSS.
The data were stored, processed, and analyzed with the statistical program SPSS 15.0 for Windows. The Student´s ttest and analysis of variance (ANOVA) were used for the comparison of quantitative variables, and the chi-square test was used to establish associations between variables by subgroup (controlled patients versus uncontrolled patients). Models of binary logistic regression were applied using HbA 1c levels (controlled, ≤7.0%; uncontrolled, >7.0%) as the dependent variable, and variables significantly associated with the dependent variable in the bivariate analysis as covariables. Statistical significance was set at P < 0.05 (confidence interval (CI) 95%).
RESULTS
The characteristics of the population analyzed are shown in Table 1 . In a sample of 406 patients with type 2 diabetes in nine Colombian cities, there was a predominance of females, persons over 60 years old, and persons with low levels of schooling, and 98.8% had two or more risk factors (HbA 1c >7.0%, plus one other risk factor).
Antidiabetic drug use among the 406 patients sampled included monotherapy with metformin (77, or 19.2%); gliben-clamide (64, or 15.8%); and insulin (44, or 10.8%). The most frequently used combinations in polytherapy were metformin + glibenclamide (147, or 36.2%); insulin + metformin (46, or 11.3%); glibenclamide + metformin + insulin (20, or 4.9%); and glibenclamide + insulin (6, or 1.3%). Average daily doses were 1602 ± 686 mg/day for metformin (80.2 ± 34.3% of DDD), 10.3 ± 5.1 mg/day for glibenclamide (102.5 ± 50.9% of DDD), and 43 ± 26.5 U/ day for insulin (72.1 ± 44.0% of DDD).
The drugs used to treat nondiabetic risk factors are shown in Table 1 . Patients received an average of eight different drugs for comorbidities (antihypertensives, antidyslipidemics, and antianginals) in addition to their antidiabetic treatment. Out of the 331 patients who had their HbA 1c level measured, 42.9% (142 patients) were defined as controlled (HbA 1c ≤7.0%) and 57.1% (189 patients) were defined as uncontrolled (HbA 1c >7.0%). Uncontrolled HbA 1c levels were distributed as follows: 24.5% out of the 189 patients had levels from 7.1% to 8.0%; 11.5% had levels of 8.1% to 9.0%; and 21.1% had levels >9.0%. It should be noted that all patients in the study sample had been treated with frontline generic drugs according to standard treatment guidelines for longer than one year. Table 2 presents the results of the bivariate analysis by subgroup (patients with controlled diabetes and patients with uncontrolled diabetes). Both number of antidiabetic drugs used and use of medication for comorbidities were statistically significantly associated with controlled diabetes. There was no statistically significant association between controlled or uncontrolled diabetes patients and age, gender, marital status, education, type of SGSSS membership, city of residence, overweight/obesity, or other nondiabetic risk factors.
Bivariate analysis
Among the 95 controlled patients receiving metformin, the mean dose was lower than that among the 141 uncontrolled patients receiving the drug (1 494 vs. 1 766 mg/day, respectively; P = 0.002). Similarly, the mean dose of glibenclamide was lower in controlled patients (83) versus uncontrolled patients (110) (8 vs. 12 mg/day, respectively; P < 0.001). For insulin, despite the fact that the mean dose in controlled patients (14) was lower than that for uncontrolled patients (87), the difference was not statistically significant (56 vs. 72 units/day; P = 0.2). Table 1 shows the DDD for each of the three drugs.
Multivariate analysis
In the multivariate analysis, the dependent variable was uncontrolled dia- betes and the independent variables were polytherapy and medication for comorbidities. While adjusting to find the best model, step by step, it was found that these were the only independent variables associated with risk of uncontrolled diabetes. The relative risk (RR) of uncontrolled diabetes among polytherapy patients was 0.3 (0.206-0.470; P < 0.001), whereas the RR for patients taking medication for comorbidities was 0.431 (0.189-0.983; P = 0.044).
Treatment for nondiabetic risk factors
At the time of data collection, 100% of patients in the study sample were receiving medication for management of hyperglycemia. Among those diagnosed with a comorbidity of arterial hypertension, 90.5% were receiving antihypertensive therapy, and among those diagnosed with a comorbidity of dyslipidemia, 80.2% were receiving lipid-lowering therapy. In the group of patients with hypertension, 66.2% (217 out of 328) had their hypertension under control (blood pressure <130/80 mmHg). Of the patients with dyslipidemia, 44.9% (109 out of 243) had total cholesterol levels under 200 mg/dL, and 28.6% had LDL levels considered to confer low risk (<100 mg/dL). Only 6.9% of all patients in the study sample reached the recommended goals for all three risk factors.
The indicators of quality of diabetes care are shown in Table 3 . In all cases, at each clinical encounter, the parameter of greatest compliance was blood pressure monitoring. Based on their clinical history, over the 12-month period, only 81.5% or 331 patients had their HbA 1c level measured and only 76.8% had their lipid levels measured. Other routine procedures for diabetes care, such the administration of aspirin, urine albumin screening, foot exams, and retinal exams, were even less common (administered among only 66.1%, 57.0%, 55.5%, and 35.6% of patients, respectively).
Of all patients for whom urine albumin was measured, 19.8% had evidence of impaired renal function. Of the patient group with impaired renal function (29 out of 49), only 63.0% were receiving an ACE inhibitor or ARB for antihypertensive therapy. Among all patients receiving antihypertensive therapy, 90% were receiving ACE inhibitors or ARBs.
The mean values of systolic blood pressure and diastolic blood pressure, serum total cholesterol, and serum HDL (high-density lipoprotein) cholesterol were below the therapeutic targets, while LDL cholesterol, triglycerides, and HbA 1c were above the reference values used to define control (Table 3) .
When evidence was observed of uncontrolled HbA 1c levels, clinicians modified the pharmacologic therapy programs in 39.7% of patients. When evidence of uncontrolled blood pressure was observed, therapy was changed for 58.2% of patients. When patients' dyslipidemia was found to be uncontrolled, therapy was adjusted in 42.5% of cases.
DISCUSSION
The low rate of control of type 2 diabetes is a global problem. In both developed and underdeveloped countries, the percentage of type 2 diabetes patients that present with controlled HbA 1c ranges from 31.0% to 49.8% (4, 15, 18, 19 The mean HbA 1c value (7.7 ± 1.9%) was similar to that reported in some prior studies (7.9 ± 1.8%) (4, 15, 20, 21) and lower than that reported in others (10.3 ± 1.6%) (22) . The frequency of use of various antidiabetic drugs was similar to reports by other authors (6, 18) . The use of specific antidiabetic drugs, and their prescribed doses, were associated with the level of diabetes control. Controlled patients received lower doses of metformin and glibenclamide than uncontrolled patients and were more often treated with monotherapy (whereas most uncontrolled patients received polytherapy).
Both of these differences were statistically significant based on the chi-square test ( Table 2 ). The latter finding may be explained by the fact that polytherapy is used in more difficult cases and in later stages of the disease (12) . It should be noted that in both groups the prescribed doses of antidiabetic drugs were lower than the recommended DDD.
Most patients with type 2 diabetes had other associated risk factors that hindered management and control of all their diseases. This outcome was particularly common in the case of asymptomatic diseases such as hypertension and dyslipidemia, as found in earlier research (23) . Patients received additional drugs for each of these comorbidities, similar to previous study samples (4, 6, 18, 20) . Taking medication for comorbidities was significantly correlated with a lack of control of diabetes (Table 2) , which is probably related to the fact that uncontrolled patients often have more complications and are more difficult to treat than those who are controlled (23). As mentioned above, the entire sample of patients was treated with generic drugs.
No association was found between the degree of diabetes control and variables such as age, gender, marital status, education, type of SGSSS membership, presence of nondiabetic risk factors, or city of residence, as had been established in another study (24) . Although the mean BMI was high, along with the percentage of patients who were overweight or obese, significant effects of these factors were not observed with regard to diabetes control, as has been observed in other studies (18, 25) .
There was a high rate of diagnosis of hypertension and dyslipidemia, reflecting good quality of care in terms of identification of nondiabetic risk factors. Treatmentof these morbidities was also common, resulting in varying degrees of success. For example, effective antihypertensive therapy was observed in 66.2% of patients, a higher proportion than that reported by Grant et (4) . These results indicate progress in the treatment of hypertension but difficulty in achieving treatment goals for lipid-lowering therapy, most likely due to the use of inadequate and insufficient doses of lipidlowering drugs, as was observed in a previous study (26) .
It is particularly troubling that only 6.9% of patients had achieved the goals recommended for all three risk factors. However, this finding is very similar to those of Grant et al. and Lebovitz, who observed percentages of 7.3% and 10.0% respectively for this criterion (4, 19) . While the rate of blood pressure measurement among the current sample was 100%-higher than in other studies (4, 15) , clinicians failed to ensure that all patients underwent at least one HbA 1c test per year; only 81.5% of patients underwent this test at the recommended frequency, a number lower than that reported by Grant et al. (97.4%) (4) but higher than in an overall sample of Europeans (64.0%, range: 49.0%-71.0%) (15) . The current sample was also less likely to undergo lipid profile testing in past 12 months than the sample used by Grant et al. (76.8% versus 87.6% respectively) (4) .
The use of aspirin as a prophylaxis for cardiovascular risk was higher in this sample compared to previous studies (66.1% (4, 20) . While it has been noted that improved compliance has been achieved in the overall use of aspirin (24), physicians' incorporation of this drug in the treatment regimes of type 2 diabetes patients must be further encouraged, along with timely examinations of eye and foot injuries, in order to detect organ damage early enough to prevent related complications (20) . The use of ACE inhibitors or ARBs as antihypertensive agents in patients with type 2 diabetes was high (12) , but the doses used were inadequate to invoke these drugs' kidney-protective properties in cases where some degree of renal disease was present (10) .
The modification of antidiabetic, antihypertensive, or lipid-lowering therapy when control of HbA 1c , blood pressure, and total cholesterol was lacking was insufficient (4) . Therefore, the current authors recommend the implementation of diabetes care improvement programs, which have been shown to increase the effectiveness of these therapies and reduce related complications (27) .
Based on the results of this study, the prevalent traits of patients with uncontrolled diabetes are 1) treatment with polytherapy, managed with inadequate doses of metformin and glibenclamide, and 2) the consumption of substantial amounts of medication for other comorbidities (mainly hypertension and dyslipidemia). There were no statistically significant differences between the DDDs used for the control of diabetes across the nine cities covered in the study, similar to findings regarding the treatment of hypertension in the study of Isaza et al. (24) .
The aforementioned results suggest uncontrolled type 2 diabetes patients should receive increased doses of antidiabetic drugs (according to therapeutic guidelines). In addition, the comorbidities that combine to form cardiovascular risk factors should be treated with frontline drugs at the appropriate dose. Use of antiplatelet doses of aspirin, evaluation of both the retina and feet, and measurement of urinary albumin must also be encouraged. The clinician must take the initiative to determine the best course of action and adjust management regimens accordingly when difficulty is encountered in achieving therapeutic goals.
The purpose of controlling diabetes properly should be shared with the entire health care team, the patients, and their families. At the same time, strategies should be developed for promoting a healthy lifestyle among patients with type 2 diabetes, with directives for the health care team, including the prescribing physician, that include well-defined therapeutic goals and treatment strategies. It is also recommended that health insurance programs monitor the effectiveness of treatment and become involved in medication adjustment by directing advice and guidance directly to the clinician.
Limitations
This study had several limitations. First, the sample was limited to members of the national social security health system insurance program, so the results can not be generalized to groups with different insurance characteristics. In addition, the results may have been skewed by the lack of standardization of SGSSS techniques for measuring laboratory parameters, as the study data were obtained from the medical histories of patients who received SGSSS care in nine different cities. 
